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ABSTRACT 

Context. Water maser emission at 22 GHz is a useful probe for studying the transition between the nearly spherical mass loss in the 
asymptotic giant branch (AGB) to a collimated one in the post-AGB phase. In their turn, collimated jets in the post-AGB phase could 
determine the shape of planetary nebulae once photoionization starts. 

Aims. We intend to find new cases of post-AGB stars and planetary nebulae (PNe) with water maser emission, including some 
especially interesting and rare types: water fountains (evolved objects with high velocity collimated jets traced by water masers) or 
water-maser-emitting PNe. Since previous studies have shown a higher detection rate of water maser emission in evolved objects 
that are optically obscured, we selected a sample that contains a significant fraction of post-AGB and young PN candidate sources 
showing signs of strong obscuration. 

Methods. We searched for water maser emission in 133 evolved objects using the radio telescopes in Robledo de Chavela, Parkes, 
and Green Bank. 

Results. We detected water maser emission in 15 sources of our sample, of which seven are reported here for the first time 
(IRAS 13483-5905, IRAS 14249-5310, IRAS 15408-5413, IRAS 17021-3109, IRAS 17348-2906, IRAS 17393-2727, and IRAS 
18361-1203). We identified three water fountain candidates: IRAS 17291-2147, with a total velocity spread of - 96 km s“' in 
its water maser components and two sources (IRAS 17021-3109 and IRAS 17348-2906) that show water maser emission whose 
velocity lies outside the velocity range covered by OH masers. We have also identified IRAS 17393-2727 as a possible new water- 
maser-emitting PN. 

Conclusions. The detection rate is higher in obscured objects (14%) than in those with optical counterparts (7%), which is consistent 
with previous results. Water maser emission seems to be common in objects that are bipolar in the near-IR (43% detection rate in such 
sources). The water maser spectra of water fountain candidates like IRAS 17291-2147 show significantly fewer maser components 
than others (e.g., IRAS 18113-2503). We speculate that most post-AGBs may show water maser emission with wide enough velocity 
spread (> 100 km s“*) when observed with enough sensitivity and/or for long enough periods of time. Therefore, it may be necessary 
to single out a special group of “water fountains”, probably defined by their high maser luminosities. We also suggest that the presence 
of both water and OH masers in a PN is a better tracer of its youth, than is the presence of just one of these species. 
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Introduction 

Maser emission is present in different astrophysical environ¬ 
ments (e.g., star-forming regions, evolved stars, active galactic 
nuclei), and it is a signpost of energetic phenomena, since strong 
shocks or intense radiation fields are required to produce the 
population inversion of energy levels necessary for maser am¬ 
plification. In the particular case of evolved stars, maser emis¬ 
sion is common in the circumstellar structures of O-rich source s 
during the asymptotic giant branch (AGB) phase (lLewislll989ll . 
characterized by strong mass loss. 
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Especially conspicuo us is the presence of do uble-peaked OH 
maser profiles (see, e.g.. lSevenster et ^Il997l) . It is widely ac¬ 
cepted that maser emissi on in these sourc es traces the expanding 
circumstellar envelope (iReid et alJll977l) . The velocity separa¬ 
tion between the OH peaks is ~ 30 km s ', and it provides a 
good estimate of the expansion velocity of the envelope (the ex¬ 
pansion velocity should be half of the OH peak se paration) at the 
locati on of the OH maser emission 10^ AU. [Reid & MoranI 
Il981h . whereas the mean OH velocity accurately traces the stel¬ 
lar velocity along the line of sight. SiO and H 2 O masers are also 
widespread in AGB stars, and they seem to arise from gas vol¬ 
umes closer to the star than the OH emission. These inner zones 
may have higher expansion velocities, but they also show larger 
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velocity gradients. Since maser emission requires a sufficient 
column density of molecules with coherent velocities along the 
line of sight, SiO and H 2 O masers tend to arise from gas moving 
in directions closer to the plane of the sky than for emitting OH 
masers, and the observed velocity along the line of sight is lower. 
The result is that the velocity components in the spectra of SiO 
and H 2 O masers are contained within the velocity range of OH. 

_ Maser emission is also present in subsequent phases (lEngelsI 

l2Q02h . but with much lower prevalence. When the AGB mass 
loss stops and the star enters the post-AGB phase, the maser 
emission from the expanding envelope is expected to disappear 
on timescales of around 10, 100, and 1000 yr for SiO, H 2 O, and 
OH masers, respectively (lLewisll989HG6mez et al.ll990li . How¬ 
ever, although the mass-loss rates d uring the post-AGB phase 
are much lowe r 10 “^ Mq vr~*. IVassiliadis & Woodl[l9^ 
Blockei 'l995bl) than during the AGB (up to ^ 10 Mq yr ' 


iVassiliadis & Woodll993t|Blockeilll995ali . it may take the form 


of high-velocity, collimated jets, which also carry enough en¬ 
ergy to pump maser emission. Therefore, this emission is an ex¬ 
cellent tool for studying the transition from nearly spherical to 
collimated mass loss. This is a key issue, since the effect of jets 
on the circumstellar envelopes during the post-AGB phase may 
determine the shape of PNe once ionization starts. 

The paradigmatic examples of collimated jets traced by 
maser emis sion are the small group of sources called “water 
fountains” dlmailbOO^ . These are objects (most of them post- 
AGB stars) whose H 2 O maser emission traces high-velocity 

100 km s“^), collimated jets, with very short dynamical ages 
(S 100 yr). These objects are usually identified by the large 
velocit y spread in their w ater maser components (up to ^ 500 
km s~* iGomez et al.ll201 Ih . amply surpassing the velocity range 
of OH emission. A firm confirmation of their nature as “wa¬ 
ter fountains” requires interferometric observations, to ascertain 
that there is no confusion of maser components from different 
sources within a single-dish beam and to determine the bipolar 
nature of the maser emission, as expected from a jet. The short 
dynamical ages of “water fountains” jets suggest that they may 
represent one of the first manifestations of collimated mass loss 
in evol ved stars. Thirteen “w ater fountains” have been confirmed 
so far (iGomez et al.ll2015H) . 

When the central star is hot enough to photoionize the 
surrounding envelope, the source enters the planetary nebula 
(PN) phase. The presence of maser emission is uncommon in 
PNe, and it may be restricted to the very first stages of this 
phase. No PN has been found to harbor SiO masers, while 
only six have been confirmed so far as OH-m aser emitters 
(lUscanga et alJflOl^ . usually known as OHPNe (jZijlstra et al 


200 It de Gregorio-Monsalvo et al.| 2004 

; IGomez et al. 2008; 

Uscansa et alJ 20141: IGomez et aljl2015a 

). Of these, two har- 


bor both OH and H 2 O masers. Maser emission in PNe seems 
to be exclusively associated to bipolar objects (lUscanga et al.l 
l2014h . and it has been suggested that mase r-emitting PNe ma y 
have “water fountains” as their precursors (IGomez et al.ll2008b . 
However, as opposed to “water fountains”, OH and H 2 O maser 
emission in PNe shows very lo w velocities (with the notable ex¬ 
ception of IRAS 15103-5754. IGomez et al.ll2015all . and may 
primarily trace circumstellar toroidal structures. In any case, 
masers in PNe may not be the remnant of those in the AGB 
phase, but seem to be related to mass-loss processes started in 
subsequent phases. This is because, on the one hand, the short 
timescale of survival of H 2 O maser emission after the AGB (100 
yr) would prevent its detection in PNe. On the other hand, while 
OH masers pumped in the AGB may still survive in extremely 


young PNe, some re latively evolved PNe are also OH emitters 
(lUscanga et alj20i^ . indicating that new OH masers can appear 
after the end of the AGB. 

In summary, maser emission is a good tracer of energetic 
mass-loss processes in objects on their way to becoming PNe. 
With this in mind, we undertook an extensive and sensitive 
searc h for water maser emissi on in post-AGB stars and young 
PNe (ISuarez et al.ll200'Al2009h . From these past observations, it 
was evident that water maser emission appears to be more com¬ 
mon in optically obscured sources. In this paper we present a 
new sensitive survey for water maser emission. A significant por¬ 
tion of the sample consists of post-AGB and young PN candidate 
sources showing signs of strong obscuration. 


2. Source sample 

The observed sour ces are listed in Tabl e fll Th ey comprise most 
of the sources in [Ramos-Larios et aTI (120091) . They are post- 
AGB stars and PN candidates with the IRAS color criteria of 
ISuarez et al.l (l2006h and with signs of strong optical obscuration. 
We h ave also included s ome optically visible post-AGB stars 
from ISuarez et alJ (l2006l) that w ere not included in our pre vi- 
ous water maser observations of ISuarez et al.l (l2007l l2009l) or 
for which those observations had poor sensitivity. There are pre¬ 
vious water maser observations of some sources in our sample, 
which are also cited in Table [T] (including those by lYoon et ^ 
I20l4 who also selected 76 sources from Ramos-Larios et al. 
2009 as part of their sample of 164 post-AGB candidates), al¬ 
though our data have significantly higher sensitivity (over one 
order of magnitude more in most cases). A total of 133 sources 
were observed. 


3. Observations 

We observed the 616 - 623 transition of H 2 O (rest frequency = 
22235.08 MHz) using three different telescopes; the DSS-63 an¬ 
tenna (70 m diameter) at the Madrid Deep Space Communica¬ 
tions Complex (MDSCC) near Robledo de Chavela (Spain), the 
64 m antenna at the Parkes Observatory of the Australia Tele¬ 
scope National Facility (ATNF), and the 100 m Robert C. Byrd 
Green Bank Telescope (GBT) of the National Radio Astron¬ 
omy Observatory. The observed positions, rms noise per spectral 
channel, and observing dates are listed in Table [T] All spectra 
were centered at Vlsr = 0.0 km s"^ The only exceptions are 
the spectra toward IRAS 18113-2503, which were formed from 
two independent integrations centered on different velocities, to 
cover the whole velocity range of detected components better. In 
the case of the Robledo data, for which Doppler tracking was not 
available, the central velocity could vary within Vlsr = 0.0 + 0.5 
km s '. All spectra were corrected for the elevation-dependent 
gain of each telescope and for atmospheric opacity. 

3.1. Robledo de Chavela 

The DSS-63 antenna at MDSCC has a diameter of 70 m, provid¬ 
ing a half-powerbeam width of ^ 42" at this frequency. We used 
a 384-channel spectrometer covering a bandwidth of 16 MHz 
(^ 216 km s ' with ^ 0.6 km s ' spectral resolution). Spectra 
were taken in position-switching mode, and only left-handed cir¬ 
cular polarization was available. The total integration time was 
typically 30 minutes (on + off). Initial calibration, along with 
gain and opacity corrections, was carried out with procedures 
written in Interactive Data Language (IDF). Subsequent data re- 


Article number, page 2 of[l6] 













































































Gomez et al.: water maser emission in obscured evolved stars 


duction was performed using the CLASS package, which is part 
of the GILD AS software. 

3.2. Parkes 

The 64m antenna at the Parkes Observatory has a beamwidth of 
^ 1.3' at this frequency. Both right and left circular polarization 
were observed simultaneously. As a backend, we used the Multi¬ 
beam Correlator, covering a bandwidth of 64 MHz (i.e., velocity 
coverage ^ 863 km s ') with 2048 spectral channels for each 
polarization, thus yielding a spectral resolution of 31.25 kHz 
(0.42 km s“'). The observations were taken in position-switching 
mode with a total integration time (on-toff) of 30 min. Data re¬ 
duction was carried out with the libraries of the ATNF Spectral 
line Analysis Package (ASAP) included within the Common As¬ 
tronomy Software Applications (CASA) package. 

3.3. Green Bank 

The 1.3 cm receiver of the GBT comprised four beams, arranged 
in two pairs that could be tuned independently. We used one 
such pair, with a separation of 178.8" between the beams, to 
simultaneously observe an on- and off-source position in dual 
polarization. Antenna nodding between the two beams was used 
to subtract atmospheric and instrumental contributions. We se¬ 
lected two spectral windows, one centered on the water line and 
the other one co mprising three meth anol lines (whose results 
were presented in iGomez et alJl2()14l) . The bandwidth of each 
spectral window was 50 MHz (^ 674 km s“' velocity coverage) 
sampled over 8192 channels (~ 0.082 km s“' velocity resolu¬ 
tion). The half-power beam width of this 100m telescope was 
34" at the frequency of the water line. The integration time per 
source was approximately four minutes, and all of it was effec¬ 
tively on-source time, because of the use of the antenna-nodding 
with dual beams. The data was reduced with the GBTidl pack¬ 
age. Final spectra were smoothed up to a resolution of 0.33 km 


4. Results 

We have detected water maser emission in 15 sources of our 
sample, of which seven are reported here for the first time 
(IRAS 13483-5905, IRAS 14249-5310, IRAS 15408-5413, 
IRAS 17021-3109, IRAS 17348-2906, IRAS 17393-2727, and 
IRAS 18361-1203). We also detected water maser emission in 
the spectrum taken toward IRAS 19071-1-0857 with both Rob¬ 
ledo and GBT telescopes. However, follow-up observations with 
the Very Large Array (VLA) have shown that the maser emis¬ 
sion did not arise from this source, but it was emission from the 
star-forming region W49A (Suarez et al. in preparation), located 
~ 11' away, which spilled into the sidelobes of the single-dish 
telesco pe. We believe that the detection reported bv [Yoon et al.l 
(l2014l) toward IRAS 19071-1-0857 is likewise contaminated by 
W49A. 

In what follows we discuss the individual sources where H 2 O 
maser emission is detected. The spectra observed toward these 
sources are shown in Figure [1] while the main parameters of the 
H 2 O masers are listed in Table |2] 

4.1. IRAS 13483-5905 

The nature of this source is still unclear. The similar flux es in 
the IR between the 2MASS data (iRamos-Larios et ^l2009h and 


the observations in |Rarnos;Larios_etalJj2CB2 ), should suggest 
a post-AGB nature. Ramos-Larios et alJ i 20091) report an op¬ 
tical counterpart for this source. However, it is possible that 
the optical/near-IR source i s not the same as the mid /far-IR 
one. The position given by iRamos-Larios et akl (l2009l) corre¬ 
sponds to the near-IR source 2MASS J13514373-5920155. On 
the other hand, the WISE data catalog report a mid-IR source, 
WISE J135144.47-592016.7, which is ^ 5.9" away from the 
near-IR position. On close inspection of the WISE images, 
we could see that the position reported WISE J135144.47- 
592016.7 corresponds to a strong source seen in the bands at 
4.6, 12, and 22 but there is a source at 3.4 jjm whose 
position matches that of 2MASS J13514373-5920155. There¬ 
fore, it seems that there are two different nearby sources, and 
the source seen at 4 > 4.6 /im is an optically obscured source 
that also corresponds to IRAS 13483-5905. This is the most 
like ly source associated to the w ater maser emission. We note 
that ite Lintel Hekkert et al.l (1199 ll) reported non-detection of OH 
masers toward IRAS 13483-5905. 


The H 2 O spectrum shows at least ten different components, 
which seem to cluster into two groups. The blueshifted group 
comprises the components at Vlsr = -27.8, -21.9, -18.4, 
-15.2, -13.9, -6.3 km s“’, while the redshifted one is com¬ 
posed of components at Vlsr = 15.2, 18.5, 24.0, and 28.7 km 
s '. If we interpret each group as arising from opposite sides of 
the expanding envelope, the mean velocity of each group would 
be ^ -20.85 and 21.95 km s“', so the stellar velocity is ^ 0.55 
km s“'. However, the total velocity spread of the H 2 O maser 
components (^ 56 km s ') would imply an expansion veloc¬ 
ity of ^ 28 km s ', which is relatively high for an expanding 
envelope around an AGB or post-AGB star (see sec.[T]i. Interfer¬ 
ometric observations would be needed to ascertain the nature of 
the structure traced by this H 2 O maser emission. 


4.2. IRAS 14249-5310 

IRamos-Larios et akl (l2009lf report the absenc e of an optical coun¬ 
terpart for this source. The observations bv IRamos-Larios et al.1 
(l2012h show a point source in the nea r-IR. The compari¬ 
son of infrared fluxes in different epochs (lEouaue et al.1 1 199^ 
IRamos-Larios et aT]|2012h shows a difference, with the source 
being brighter (by 1.65,1.01, and 0.17 mag in J, H, andKbands, 
respectively) i n the more recent observati ons. The 2MASS im¬ 
age shown in IRamos-Larios et akl (l2009l) has a lower angular 
resolution, and it is not able to resolve the object from another 
nearby one, so it cannot be used to compare the source flux with 
the other two epochs. The flux variation with time suggests that 
IRAS 14249-5310 may be an AGB star. This source does not 
show any detectable OH maser emission (Ite Lintel Hekkert et al.l 

fl^lSilva etanflO^ . 

Our water maser spectrum shows at least two components 
at -19.8 and -10.1 km s '. There are hints of other possible 
components between 30 and 50 km s ', but it is not possible to 
confirm them with these data. 


4.3. IRAS 15408-5413 


This source has no optical counterpart (IRamos-Larios et ^ 
I 2 OO 9 I) . It shows variability in its near-IR emission of at least 
0.8 mag in K an d 0.2 in L' (see the different photometric 


measurements in E 

.Dchtein et al. 


Le Bertre et al. 

00 

00 

Le Bertre & Nvman 

199C 

Le Bertrel 1993; iGarcia-Lario et al.l 

19971 Ramos-Larios et al. 

20091). However, its light curve does 
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Table 2: Water maser detections 


IRAS 

Vpeak" 

(km s“') 

V ■ 

(km s“') 

V ^ 

^ max 

(km s“') 

c d 

^ peak 

(Jy) 

j'Sydv^^ 

(Jy km s“') 

Pate 

13483-5905 

-H24.0 + 0.4 

-27.0 

+27.0 

2.78 + 0.17 

21.3+0.9 

13-SEP-2008 

14249-5310 

-10.1+0.4 

-19.8 

-9.7 

0.42 + 0.14 

0.42 + 0.20 

13-SEP-2008 

15408-5413 

-82.6 + 0.4 

-85.1 

-75.9 

52.44 + 0.17 

59.0 + 0.5 

15-SEP-2008 

15452-5459 

-76.3 ± 0.4 

-79.2 

-35.4 

1.62 + 0.15 

10.9 + 0.8 

12-SEP-2008 

17021-3109 

+ 13.5 + 0.6 

+ 13.2 

+ 13.5 

0.26 + 0.04 

0.20 + 0.06 

21-MAR-2010 

17291-2147 

-15.0 + 0.6 

-18.8 

-13.9 

0.59 + 0.13 

2.62 + 0.17 

06-JUN-2008 


-14.5 + 0.3 

-28.0 

+69.5 

3.381 +0.022 

5.49 + 0.07 

21-MAR-2010 

17348-2906 

+ 1.0+ 0.3 

+0.7 

+9.2 

0.23 + 0.04 

0.52 + 0.10 

03-MAR-2010 

17393-2727 

-107.6 + 0.3 

-108.0 

-106.7 

1.07 + 0.04 

0.90 + 0.04 

03-MAR-2010 

18039-1903 

+ 153.1+0.3 

+ 150.8 

+ 165.9 

3.98 + 0.03 

5.38 + 0.07 

01-MAR-2010 

18113-2503 

-147.8 + 0.3 

-154.1 

+334.5f 

119.67 + 0.03 

845.9 + 0.3 

03-MAR-2010 


-147.6 + 0.3 

-154.2 

+345.5 

111.92 + 0.04 

812.8 + 0.4 

21-MAR-2010 

18361-1203 

+ 12.5 + 0.3 

+ 11.8 

+ 13.5 

0.101+0.023 

0.19 + 0.04 

01-MAR-2010 


+ 12.8 + 0.3 

+ 11.8 

+ 13.5 

0.14 + 0.03 

0.15 + 0.04 

21-MAR-2010 

18596H-0315 

+61.6 + 0.3 

+59.6 

+62.2 

0.72 + 0.03 

0.69 + 0.04 

07-MAR-2010 

19134-1-2131 

-9.2+ 0.3 

-124.8 

-7.9 

3.60 + 0.03 

5.51+0.17 

07-MAR-2010 

19190-1-1102 

+59.3 + 0.3 

-55.3 

+90.5 

25.64 + 0.03 

164.94 + 0.19 

07-MAR-2010 

19319-1-2214 

+ 15.1 + 0.6 

+ 15.1 

+ 15.1 

0.35 + 0.12 

0.35 + 0.14 

28-JUN-2008 


+ 15.5 + 0.3 

+8.8 

+33.6 

0.547 + 0.024 

1.95 + 0.08 

07-MAR-2010 


Notes. LSR velocity of the peak emission in each spectrum. The uncertainty is the channel width. Minimum LSR velocity of the detected 
emission. Maximum LSR velocity of the detected emission. Flux density of the peak emission, with 2<t uncertainty. Velocity-integrated 
flux density of the spectrum, with 2cr uncertainty. ® There is detected emission very close to the redshifted edge of the bandpass, so we prohahly 
missed some components beyond that edge. 


not show the per iodic variability typical of OH/IR (AGB) stars 
dLe BertrdIl993l). It has been suggested that the source mi ght 
be a supergiant (iLe Bertre & Nvma^ 19901: Le Bertrelll993l) or 
a “born again” AGB star ( Le Bertre et al. 1988ll . although these 
classifications are uncertain. In any case, its IR variability seems 
to rule out a post-AGB or PN nature. 


Te Lintel Hekkert et al. (1991) detected OH emission, with 
several components in emission and absorption. However, the 
spectrum does not show the typical double-peaked profile of OH 
masers in AGB stars. The OH emission may arise from more 
than one source within their beam or, alternatively, trace inde- 
pendent episodes of mass lo ss. There is also SiO maser emission 
dLe Bertre & NvmarJl990ll . whose spectrum shows a wide (12.2 
km s ' width) and irregular profile, apparently due to the blend¬ 
ing of several velocity components, with centroid LSR velocity 
of -83.6 km s '. 


4.4. IRAS 15452-5459 


This object is a post-AGB star with an hour-glass shape i n 
infrared images dSahai et alJl2007l : iRamos-Larios et^l2012h . 
Maser emission o f SiO, OH, and H 7 O has bee n previously de¬ 


tected toward it ( teXintelHekkerLetak 1991: ^swelll 19^ 


iDeacon et al.ll2004lDeacon et al.ll2007llCerrigone et alJl2Q13h . 

The spectral sha pe of the H 2 O maser has changed. While 
iDeacon et al.| j 2007h show an irregu lar profile, our spectrum and 
the profile in ICerrigone et al.l d2013h . both taken at later epochs, 
tend to cluster in two groups of features, resembling a more reg¬ 
ular double-peaked profil e. The interferometric SiO, H 2 O, and 
OH maser observations bv ICerrigone et al.l d2013h show different 
spatio-kinematical patterns in these species. While OH masers 
seem to trace outflows along the lobes of the nebula, the SiO and 
H 2 O maser components display a velocity gradient perpendicu¬ 
lar to it, which could be tracing rotational motions in a circum- 
stellar torus. 


iDeguchi et al.l dl989t) failed to detect H 2 O maser emission 
with Parkes, reaching an rms = 0.5 Jy. Our spectrum (with an 
rms noise of 0.09 Jy) shows an asymmetric double-peaked pro- 
hle, with components at -82.6 and -76.3 km s '. The velocity 
of the stronger component is close the the SiO centroid velocity, 
while that of the secondary peak is outside the bulk of SiO emis¬ 
sion. Since SiO emission tends to be close to the stellar velocity, 
the stronger H 2 O component seems to trace gas at this stellar ve¬ 
locity, while the secondary component might trace the receding 
part of the envelope. Both SiO and H 2 O components are within 
the velocity range of OH maser emission. The flux density of 
53 Jy we obtained should have been detected by iDeguchi et al.l 
(Il989l) . which indicates a strong variability of the water maser 
emission in this source. 


4.5. IRAS 17021-3109 


This is a heavily obscured o bject (|R amos-Larios et al. 12012h 


with no optical counterpart (iRamos-Larios et ^ l2009h . The 
near-IR fluxes of the most likely counte rpart for the IRAS 
sourc e s are similar in different epochs dRamos-Larios et ^ 
20091 1201 2h. suggesting a post-AGB nature. We note that 
Garcia-Lario et alJ dl997h report brighter magnitudes, but they 


might correspond to a different object in the field. 

The spectrum of OH maser emission at 1612 MHz 

dPavid et al.lll993^ shows at least four peaks between-30.5 

and -5. 5 km s '. OH emi ssion at 1667 MHz has also been de¬ 
tected dPavid et al.lll9939l . with a single peak at -7.5 km s '. 

Our H 2 O maser spectrum shows a single peak at -1-13.5 km 
s '. It lies well outside the velocity range of the OH emission. 
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Therefore, it is possible that OH and H 2 O masers arise from 
different nearby sources but with a velocity difference between 
them of ~ 30 km s“^. Alternatively, if the emission from both 
maser species arises from the same source, it would indicate the 
presence of non-spherical mass loss. 

4.6. IRAS 17291-2147 

This source has a weak optical counterpart (iRamos-Larios et ^ 
[ 2 OOI. Its near-IR fluxes are similar in different epochs 
dRamos-Larios et^l2009[ l2012h . which suggests a post-AGB 
nature. No OH maser emission has been detected toward this 
sou rce (Ite jJrdelJ je^ert et al.lll991h . 

lYoon et aP (|2014|) report the presence of H 2 O maser emis¬ 
sion, with only one velocity component at Vlsr = -16.3 km s ' 
having been clearly detected. Our Robledo spectrum resolves 
two spectral components around that velocity. However, the 
GBT spectrum, with a much higher signal-to-noise ratio, shows 
at least four components, at -27.0, -16.1, -14.5, and -1-69.1 km 
s *. Other possible weaker components might be present, but we 
cannot confirm them at this stage. The total velocity spread of 
the H 2 O maser components is large, ^ 96 km s"'. This means 
that IRAS 17291-2147 is a candidate water fountain source. Its 
confirmation as such would require interferometric observations 
to ascertain that all velocity components observed with single¬ 
dish arise from the same source. 


4.7. IRAS 17348-2906 


This object has an optical counterpart (iRamos-Larios et ^ 
20091). The near-IR fluxes in the observations of 


Garcia-Lario et al 


(Il997h are similar to those in 2MASS 
data (IRamos-Larios et al. l2009l) . suggesting it is a post-AGB 
star. 

OH maser emissio n has been reported in this source, between 
~ 8 a nd 13 km s * (Ite Lintel Hekkert et al.lll9^ iDavid et^ 
Il993ah . Our H 2 O maser spectrum shows at least three compo¬ 
nents: two narrow ones at ^ 1.0,2.6 km s“’ and a wider one 
between 6 and 9 km s ', which could be the blending of sev¬ 
eral unresolved ones. Most of the H 2 O maser emission lies out¬ 
side the velocity range of OH maser emission, so it is unclear 
whether this indicates non-spherical mass loss or if the emission 
from both molecules arises from different sources. 


iDeacon et al.l (l2007h and lYoon et al.l (l2014l) . Although with our 
single-dish observations we cannot determine whether the wa¬ 
ter maser emission is associated with IRAS 17393-2727, the 
velocity of the observed component is very close to the mean 
velocity of the OH peaks (~ -107.9 km s '), which is the 
expected central velocity of the star. This would be a very 
unlikely coincidence if the water maser emission arises from 
a different source. Therefore, we think this is a most proba¬ 
ble candidate to also be a water-maser-emitting PN. The pres¬ 
ence of both OH and H 2 O emission and its strong obscu¬ 
ration make it a PN very similar to K 3-35 ( Miranda_eL^ 
IMTI) . IRAS 17347-3139 |de Gregorio-M onsalvo et al.ll2004 . 
and IRAS 16333-4807 (lUscanga et al.i2bl4l) and, like them, an 
extremely young PN. 


4.9. IRAS 18039-1903 

This source does not have an optical counterpart, a nd it is 
very weak in the near-IR dRamos-Larios et ^ l2012h . Its in- 
frared colors confirm th at it is a heavily obscured object 
dRamos-Larios et ^l2012h . 

OH maser emission ha s been detected in this source 
dte Lintel Hekkert et aLlllOOH iDavid et '^1199335) . showing a 
double-peaked profile characteristic of OH/IR stars, with LSR 
velocities ^ 143. 3 and 170.1 km s~ '. H 2 O maser emission has 
been detected by lYoon et ^ d2014l) . with two distinct velocity 
components. Our spectrum is similar, but it shows four compo¬ 
nents at 153.1, 162.0, 162.9, and 165.2 km s *. The peak emis¬ 
sion is slightly blueshifted with respect to the stellar velocity in¬ 
ferred from the OH spectrum 157.6 km s '), while the other 
three are redshifted. All H 2 O maser components are within the 
velocity range of the OH emission. 


4.10. IRAS 18113-2503 

The observations presented here yielded the first detection of 
water maser emission toward this source, although interfero- 
metric follow-up o bservations have already been reported in 
iGomez et al.l d201 ll) . That paper describes the source in detail. 
As mentioned there, it seems to be a post-AGB star. The water 
maser spectrum shows a wealth of components, spanning an ex¬ 
tremely wide velocity range of ^ 500 km s“'. This is the water 
fountain with the fastest jet known to date. 


4.8. IRAS 17393-2727 (OH 0.9+1.3) 


4.11. IRAS 18361-1203 


This source shows a bipolar morphology in the optical 
dManteiga et al.llTOllh . an d its IR colors suggest that the central 
star is strongly obscured (IRamos-Larios et ^l2012h . The pres¬ 
ence of bright [Ne II] emission indic ates that it is a planetary 

nebula (iGarcfa-Hernandez et al.llTOO^ . _ 

IRAS 17393-2727 prese nts both OH maser (IZiilstra et al.l 
1 19891: Se venster et al.l 1 19971) and radio continuum emission 
dPottasch et al.ll 19871) . whose spatial association have been con¬ 
firmed with interferometric observations, making it one of the six 
confir med planetary nebulae with OH emission (lUscanga et al.l 
I 2 OI 2 I) . The OH spectrum at 1612 MHz shows two peaks located 
at Vlsr = -122.8 and -93 km s“'. 


Previous observations of water mas er emission t oward 
this source resulted in non-detectio ns (iGomez et al.l 1 19901: 
iDeacon et al.l l2007t lYoon et ^ l2014t) . However, we detected 
water maser emission with a single component of ^ 1 Jy 
at Tlsr = -107.6 km s ', above the detection threshold of 


This source has a weak optical counterpart in red DSS plates, 
and its infrared fluxes do no t seem to vary significantly 
(IRamos-Larios et ^l2009l l2012l) . which suggests this is a post- 
AGB star. IRAS 18361-1203 shows a double- peaked profile in 
OH (Ite Lintel Hekkert et alJll99'Tl : IDavid et al.l[T993ah with ve¬ 
locities ~ 11.77 and 19.32 km s“'. 

lYoon et aH (1201 4l) report a non-detection of water maser 
emission, with a 3cr upper limit of ~ 1.3 Jy. Our spectrum shows 
weak emission, well below their detection limit, with a single 
confirmed component at ^ 12.7 km s '. 

4.12. IRAS 18596+0315 (OH 37.1-0.8) 

This object is weak in the near-IR, a nd it has infrared 
color s that indicate strong obscuration (IRamos-Larios et ^ 
I 2 OI 2 I) . OH maser emission is present in this source and 
shows a double-peaked profile with ~ 28 km s ' sepa- 
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ration between them (Winnberg et al. 1975; Bowers 

1978 

Baud et al.l 19851; Herman & Habind 1985t Herman et al. 

1985 

Chensalur et al.lll993 

; Gomez et al.lll994;ISevenster et al. 

2001 

Szvmczak & GerardI 

20041 Engels & .limenez-Estebanl 2007) 


The OH central v elocity is close to that of the CO emission 
(Rizzo et'm 2013h. O H maser emission at 1665 and 1667 MHz 
( Dickinson & Turner! Il99lt iLewisI Il997t ISzvmczak & GerardI 
I 2 OO 4 I 1 extends beyond the velocity range of the emission at 1612 
MHz. 

Interferometric observations of OH ( Baud et all 1_9^ ; 
Herman et all Il985t iGomez etall 1 1994 : iGomez & Rodriguez] 


2000l:ISevenster et dJ^OOl : lAmiri et al.ll201 1 ) show that the two 

peaks are actually the blend of different features. Blue- and red- 
shifted groups are spatially separated by ~ 150 mas along the 
E-W direction. It is unclear whe ther OH em i ssion arises from 
a biconical or an equatorial flow. Llewell et"^ (Il99lh reported a 
tentative detection of SiO, but it has not b een confirmed in sub¬ 
sequent observations (iDeguchi et al.ll20()4l) . 


Wa ter maser emission has been previously detected in this 


source ( 

Engels et al.l 19861; Brand et al.l 1994IGomez et al.ll994 

lEngelsI 

2002HDeacon et al.ll2007b. showing a variable spectral 


pattern of multiple components, extending over a range ~ 57 km 
s ', beyond the velocity range of OH. This strongly suggests it 
is a water fountain, although there is no pu blished map showing 
that the water maser emission traces a jet. IGomez et alJ (Il994h 
proved that OH and water maser emission arise from the same 
source, confirming that the latter lies outside the velocity range 
of the former, but they could not determine the spatial distribu¬ 
tion of the water masers or even confirm that all the maser emis¬ 
sion detected with single dish actually arise from this source, 
since their interferometric observation only showed a single peak 
of water maser emission at Vlsr - 65.7 km s '. Our single-dish 
data also shows a single component, at Vlsr - 61.6 km s *. 


4.13. IRAS 19134+2131 

This is a confirmed water fountain, and the only one in which 
OH emission has not been detected, despite several searches 
dLewis et al.lll987l:lHu et aIlll994lLikkellll989l) . 

Water m a ser em ission was first detected in this source by 
lEngels et al.l (Il984l) . who identified a wide velocity spread (~ 
110 km s“') in their c omponents. The water maser emission 
traces a collimated jet dlmai et al.ll2004 l2007bh . Our spectrum 
shows five distinct components spanning a range of ^ 115 km 


4.14. IRAS 19190+1102 

Th is objec t is a k nown water fountain, which was first detected 
by iLikkell dl989l) . who obtained a water maser spectrum with 
a wide velocity range of > 70 km s ', well outside the veloc¬ 
ity range covered by the OH maser emission. The distribution 
and proper motions of the H 2 O maser emission dPav et al.l2010ll 
confirms that it arises from a collimated jet. The departure of the 
OH s pectrum from the typical double-peaked profile in OH/IR 
stars (ILikkell 19891) suggests that this object is already in the post- 
AGB phase. 

Our water maser spectrum shows components spanning ~ 
143 km s VWenote that th is velocity range is slightly more than 
found by iDav et al.l d20ir)l) . In particular, our components with 
the most extreme velocities (-55.0 and -1-87.9 km s“') were not 
present in their spectra, although they were above their sensitiv¬ 
ity limit. While the appearance of these new components could 


merely be the result of the typical variability of water masers, it 
might also indicate an acceleration process in the jet. 

4.15. IRAS 19319+2214 

This is an o ptically obscured source, with a relatively constant 
near-IR flux dRamos-Larios et ^I2009ir2012l) . which suggests it 

is a post-AGB star. _ 

It shows a dou ble-peaked OH spectrum dLewis et al.lll990l : 
[David et^ll9933) . with components at ~ 12 and 29 km s '. 
Water maser emission , spanning a velocity ran ge of ^ 12 km s ', 
was first detected by Engels & LewisI dl996l) . Our GBT water 
maser spectrum shows five components over a wider velocity 
spread (~ 20 km s“'), whose most extreme velocities are similar 
to those seen in OH. 


5. Discussion and conciusions 

The detection rate of water masers seems to be higher in ob¬ 
scured objects (7% and 14% in objects with and without an opti¬ 
cal counterpart, resp ectively). This is consisten t with our results 
in previous surveys dSuarez et al.ll200'^ l2009l) . Another signifi¬ 
cant trend in our data is the high detection rate of water masers 
in bipolar objects. Out of the se ven sources in our sample that 
are clearly bipolar in the near-IR dRamos-Larios et ^l20I2l) . we 
detected water maser emission in three. This high detection rate 
(43%) clearly suggests that water maser emission tends to be 
associated with collimated mass-loss processes, either directly 
(tracing jets, as in water fountains) or indirectly (tracing toroidal 
structures perpendicular to the bipolar nebulae). However, all 
these detection rates should be taken with care, since the sen¬ 
sitivity of our observations is not homogeneous throughout the 
sample. 

We have identified a water fountain candidate (IRAS 
17291-2147) with a total velocity spread of ~ 96 km s“' 
in its water maser components. Another two sources (IRAS 
17021-3109 and IRAS 17348-2906) show water maser emis¬ 
sion whose velocity lies outside the velocity range covered by 
OH masers, a criterion that is also used to identify water fountain 
candidates. IRAS 17291-2147, however, has a very scarce num¬ 
ber of maser components, as in the case of IRAS 19134-1-2131 or 
IRAS 18596H-0315. The spectrum of these water fountain candi¬ 
dates is strikingly different from those of IRAS 18113-2503 or 
IRAS 19190H-1102, which are very rich in maser components. 
This suggests an intrinsically different nature of these sources, 
although they are collectively included in the “water fountain” 
category based on the wide velocity spread of their masers. Also, 
IRAS 17291-2147 qualifies as a water fountain candidate, be¬ 
cause of the detection of a very weak component at ~ 69 km s ', 
which was below the sensitivity of previous observations. More¬ 
over, given the high variability of water maser emission, compo¬ 
nents at extreme velocities may be above or below the sensitivity 
of the telescope depending on the epoch of observation. 

If the identification of a source as a water fountain depends 
so much on the sensitivity or the epoch of the observations, 
there is thus an observational bias in the definition of this type 
of source. In fact, post-AGB stars have high-velocity winds of 
sever al hundred km sy', as seen in optical and infrared data 

(e.g.,lRiera et al.ll995HWitt et al.l200^ISanchez Contreras et al.l 

l20inl) . so the presence of these velocities in their maser spectra 
should not be surprising. It is possible that most water-maser- 
emitting post-AGBs will show high-velocity maser components 
when observed with high enough sensitivity or if monitored 
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for a long enough time. Also, a particular orientation (close to 
the plane of the sky) of the jets traced by water masers could 
make components with intrinsically high velocities not appear as 
such in a spectrum. Therefore, high-velocity jets traced by wa¬ 
ter masers could be much more widespread in post-AGB stars 
than previously thought. If this were the case, the segregation 
of a group of water-maser-emitting post-AGBs as "water foun¬ 
tains", based only on the velocity spread of the masers, would 
lose its meaning to a certain extent. We think it would be inter¬ 
esting to further differentiate those "water fountains" with high 
maser luminosities as a special group. This spectral characteris¬ 
tic could be due to a higher mass in their progenitor or to their 
being in a different evolutionary stage. Monitoring of the water 
maser spectra of “water fountains” or a better characterization 
of their stellar properties would shed some light on the origin of 
these spectral differences. 

We also identified IRAS 17393-2727 as a possible new 
H 2 O-PN. This is the sixth source that could pertain to this 
category. This PN also shows OH emission. The PNe K3-35 
and IRAS 17347-3139 also show maser emission from both 
molecules. PN emitting OH and/or H 2 O masers are supposed 
to be very young PNe. In fact, most of them are optically ob¬ 
scured and spatially compact, with the ex ception of the NGC 
6302 (an OHPN) and IRAS 18061-2505 (ISuarez et al.ll2006l) , 
which show extended optical emission. These two sources only 
show maser emission from one of the species (OH in NGC 6302 
and H 2 O in IRAS 1806 1-2505), while obse rvations of the other 
yielded negative results dPeacon et al.l200^lG6mez et al.l20()^ . 
We suggest that the presence of both maser species in a PN is a 
better tracer of its youth, rather than the presence of just one of 
them. 

Interferometric observations will be needed to confirm the 
nature of IRAS 17291-2147, IRAS 17021-3109, and IRAS 
17348-2906 as water fountains, and of IRAS 17393-2727 as 
an H 2 O-PN. These observations will indicate whether all maser 
components arise from these evolved objects. 
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Table 1; Observed sources 


IRAS name 

RA (J2000) 

Dec (J2000) 

Observation date 

Telescope^* 

rms'’ (Jy) 

Previous‘S (Jy) 

References'^ 

Image‘s 

07582-4059 

07 59 57.7 

-41 07 23 

14-SEP-2008 

PKS 

0.16 



V 

08143-4406 

08 16 03.0 

-44 16 04 

14-SEP-2008 

PKS 

0.18 



V 

08213-3857 

08 23 12.1 

-39 07 08 

14-SEP-2008 

PKS 

0.12 



V 

09055-4629 

09 07 19.5 

-46 41 23 

12-SEP-2008 

PKS 

0.09 



N 

09102-5101 

09 11 57.3 

-51 14 24 

12-SEP-2008 

PKS 

0.06 



V 




14-SEP-2008 

PKS 

0.08 




09119-5150 

09 13 33.0 

-52 02 41 

14-SEP-2008 

PKS 

0.09 



V 

09362-5413 

09 37 51.8 

-54 27 09 

14-SEP-2008 

PKS 

0.11 



V 

09378-5117 

09 39 37.0 

-51 31 29 

14-SEP-2008 

PKS 

0.08 



V 

10194-5625 

10 21 15.2 

-56 40 32 

14-SEP-2008 

PKS 

0.09 



N,0 

11444-6150 

11 46 54.0 

-62 07 09 

13-SEP-2008 

PKS 

0.07 



N,0 

11488-6432 

11 51 17.3 

-64 49 12 

12-SEP-2008 

PKS 

0.11 



V 

11544-6408 

11 56 57.8 

-64 25 17 

12-SEP-2008 

PKS 

0.08 



V 

11549-6225 

11 57 30.8 

-62 42 12 

12-SEP-2008 

PKS 

0.08 



N,0 

12067-4508 

12 09 23.8 

-45 25 35 

15-SEP-2008 

PKS 

0.13 

< 1.2 

1 

V 

12302-6317 

12 33 07.0 

-63 33 43 

15-SEP-2008 

PKS 

0.12 

<0.7 

2 

V 

12360-5740 

12 38 53.1 

-57 56 31 

13-SEP-2008 

PKS 

0.10 



V 

13010-6012 

13 04 05.5 

-60 28 46 

14-SEP-2008 

PKS 

0.16 



V 

13245-5036 

13 27 36.1 

-50 52 06 

14-SEP-2008 

PKS 

0.15 



V 

13266-5551 

13 29 51.0 

-56 06 54 

14-SEP-2008 

PKS 

0.15 



V 

13313-5838 

13 34 37.4 

-58 53 32 

14-SEP-2008 

PKS 

0.15 



V 

13398-5951 

13 43 12.5 

-60 07 03 

12-SEP-2008 

PKS 

0.12 



N 

13404-6059 

13 43 50.3 

-61 14 30 

13-SEP-2008 

PKS 

0.10 



N,0 

13421-6125 

13 45 34.0 

-61 40 03 

13-SEP-2008 

PKS 

0.09 



V 

13428-6232 

13 46 20.5 

-62 48 00 

15-SEP-2008 

PKS 

0.13 



V 

13483-5905 

13 51 43.7 

-59 20 15 

13-SEP-2008 

PKS 

0.09 



V 

14104-5819 

14 14 00.5 

-58 33 58 

13-SEP-2008 

PKS 

0.09 



N,0 

14249-5310 

14 28 24.7 

-53 24 04 

13-SEP-2008 

PKS 

0.07 



N 

14325-6428 

14 36 34.4 

-64 41 31 

15-SEP-2008 

PKS 

0.23 



V 

14331-6435 

14 37 10.1 

-64 48 05 

15-SEP-2008 

PKS 

0.15 



V 

14346-5952 

14 38 24.6 

-60 04 53 

15-SEP-2008 

PKS 

0.14 



V 

14429-4539 

14 46 13.8 

-45 52 05 

15-SEP-2008 

PKS 

0.14 



V 

14521-5300 

14 55 45.7 

-53 12 30 

15-SEP-2008 

PKS 

0.07 



V 

15038-5533 

15 07 34.7 

-55 44 50 

15-SEP-2008 

PKS 

0.09 



N 

15229-5433 

15 26 40.5 

-54 44 17 

12-SEP-2008 

PKS 

0.08 



V 

15284-6026 

15 32 37.1 

-60 37 04 

15-SEP-2008 

PKS 

0.08 



N,0 

15408-5413 

15 44 39.8 

-54 23 05 

15-SEP-2008 

PKS 

0.09 



N,0 

15408-5657 

15 44 48.3 

-57 07 08 

15-SEP-2008 

PKS 

0.09 

< 1.5 

1 

N 

15452-5459 

15 49 11.3 

-55 08 51 

12-SEP-2008 

PKS 

0.08 

6.5+ 0.3 

3,4 

N 

15531-5704 

15 57 10.9 

-57 13 21 

12-SEP-2008 

PKS 

0.09 



N,0 

16206-5956 

16 25 02.6 

-60 03 32 

14-SEP-2008 

PKS 

0.17 



V 

16209-4714 

16 24 33.9 

-47 21 30 

12-SEP-2008 

PKS 

0.08 

<0.4 

3 

V 

16245-3859 

16 27 53.7 

-39 05 46 

12-SEP-2008 

PKS 

0.11 



N,0 

16279-4757 

16 31 38.7 

-48 04 06 

14-SEP-2008 

PKS 

0.12 



V 

16296-4507 

16 33 12.5 

-45 13 43 

12-SEP-2008 

PKS 

0.08 



V 

16279-8158 

16 37 51.6 

-82 04 49 

12-SEP-2008 

PKS 

0.09 



V 

16507-4810 

16 54 30.9 

-48 15 24 

12-SEP-2008 

PKS 

0.09 

<0.4 

3 

V 

16517-3626 

16 55 06.2 

-36 31 32 

12-SEP-2008 

PKS 

0.09 



V 

16558-3417 

16 59 10.5 

-34 22 05 

12-SEP-2008 

PKS 

0.08 



M 

16567-3838 

17 00 09.0 

-38 43 09 

15-SEP-2008 

PKS 

0.10 



N,0 

17021-3109 

17 05 23.3 

-31 13 18 

05-JUN-2008 

ROB 

0.14 



N,0 




21-MAR-2010 

GBT 

0.022 




17021-3054 

17 05 24.1 

-30 58 14 

06-JUN-2008 

ROB 

0.10 



N 




21-MAR-2010 

GBT 

0.022 




17052-3245 

17 08 33.2 

-32 49 44 

13-SEP-2008 

PKS 

0.10 



N,0 

17067-3759 

17 10 08.3 

-38 03 22 

13-SEP-2008 

PKS 

0.09 



N 

17097-3624 

17 13 05.1 

-36 27 53 

13-SEP-2008 

PKS 

0.14 

<0.4 

3 

N,0 

17149-3053 

17 18 10.9 

-30 56 39 

12-SEP-2008 

PKS 

0.08 

<0.9 

5 

N 




03-MAR-2010 

GBT 

0.023 




17150-3224 

17 18 19.8 

-32 27 21 

12-SEP-2008 

PKS 

0.08 

<0.4 

3 

V 
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Table 1; Observed sources (continued) 


IRAS name 

RA (J2000) 

Dec (J2000) 

Observation date 

Telescope^* 

rms'’ (Jy) 

Previous‘S (Jy) 

References'^ 

Image‘s 

17158-4049 

17 19 19.6 

-40 52 37 

13-SEP-2008 

PKS 

0.09 



N 

17175-2819 

17 20 42.5 

-28 22 37 

03-MAR-2010 

GET 

0.020 

< 1.1 

5 

V 

17233-2602 

17 26 28.7 

-26 04 58 

06-JUN-2008 

ROB 

0.08 

<0.7 

5 

V 




21-MAR-2008 

GET 

0.019 




17291-2147 

17 32 10.1 

-21 49 59 

06-JUN-2008 

ROB 

0.07 

1.3+ 0.7 

5 

V 




21-MAR-2010 

GET 

0.011 




17301-2538 

17 33 14.1 

-25 40 24 

03-MAR-2010 

GET 

0.019 

< 1.0 

5 

V 

17348-2906 

17 38 04.2 

-29 08 23 

03-MAR-2010 

GET 

0.022 



V 

17359-2902 

17 39 08.0 

-29 04 06 

03-MAR-2010 

GET 

0.020 

<0.4 

3,5,6 

N 

17360-2142 

17 39 05.9 

-21 43 52 

01-MAR-2010 

GET 

0.011 

<0.6 

5 

V 

17361-4159 

17 39 44.3 

-42 00 39 

13-SEP-2008 

PKS 

0.13 



N 

17376-3448 

17 40 56.3 

-34 50 00 

15-SEP-2008 

PKS 

0.07 



N 

17382-2531 

17 41 20.1 

-25 32 53 

03-MAR-2010 

GET 

0.019 

<0.7 

5 

N 

17385-2413 

17 41 38.3 

-24 14 41 

01-MAR-2010 

GET 

0.011 

<0.6 

5 

M 

17385-3332 

17 41 52.2 

-33 33 40 

15-SEP-2008 

PKS 

0.07 

<0.4 

3 

V 

17393-2727 

17 42 32.2 

-27 28 28 

03-MAR-2010 

GET 

0.020 

<0.4 

3,5,6 

N,0 

17404-2713 

17 43 37.2 

-27 14 46 

03-MAR-2010 

GET 

0.019 

<0.4 

3,5 

N 




21-MAR-2010 

GET 

0.021 




17479-3032 

17 51 12.5 

-30 33 44 

03-MAR-2010 

GET 

0.021 

<0.4 

3 

N 

17482-2501 

17 51 22.5 

-25 01 51 

03-MAR-2010 

GET 

0.018 

<0.4 

3,5 

N 

17487-1922 

17 51 44.7 

-19 23 42 

06-JUN-2008 

ROB 

0.06 

<0.7 

5 

V 




21-MAR-2010 

GET 

0.017 




17499-3520 

17 53 20.4 

-35 21 10 

15-SEP-2008 

PKS 

0.07 



V 

17506-2955 

17 53 49.3 

-29 55 35 

03-MAR-2010 

GET 

0.021 

<0.4 

3 

N 

17516-2525 

17 54 43.4 

-25 26 30 

01-MAR-2010 

GET 

0.011 

<0.3 

5,7 

V 

17540-2753 

17 57 14.1 

-27 54 16 

01-MAR-2010 

GBT 

0.012 



N 

17543-3102 

17 57 33.6 

-31 03 03 

15-SEP-2008 

PKS 

0.09 

<0.4 

3 

N 

17548-2753 

17 57 57.8 

-27 53 21 

03-MAR-2010 

GBT 

0.019 

<0.4 

3 

N 

17550-2120 

17 58 04.2 

-21 21 09 

03-MAR-2010 

GBT 

0.021 

<0.4 

3,5 

N,0 

17550-2800 

17 58 10.6 

-28 00 26 

03-MAR-2010 

GBT 

0.017 

<0.8 

5 

V 

17552-2030 

17 58 16.3 

-20 30 22 

01-MAR-2010 

GBT 

0.011 



N 

17560-2027 

17 59 04.5 

-20 27 24 

01-MAR-2010 

GBT 

0.010 

<0.4 

3,5 

V 

17596-3952 

18 03 06.7 

-39 51 53 

13-SEP-2008 

PKS 

0.11 



V 

18011-1847 

18 04 02.7 

-18 47 10 

06-JUN-2008 

ROB 

0.07 

<0.8 

5 

N,0 




21-MAR-2010 

GBT 

0.018 




18015-1352 

18 04 22.2 

-13 5149 

06-JUN-2008 

ROB 

0.06 

<0.5 

5 

N,0 




21-MAR-2010 

GBT 

0.024 




18016-2743 

18 04 45.8 

-27 43 11 

01-MAR-2010 

GBT 

0.012 



N,0 

18039-1903 

18 06 53.3 

-19 03 09 

01-MAR-2010 

GBT 

0.014 

11.3 + 1.2 

5 

N,0 

18049-2118 

18 07 54.8 

-21 18 09 

01-MAR-2010 

GBT 

0.010 

<4 

5 

N,0 

18051-2415 

18 08 12.8 

-24 14 36 

03-MAR-2010 

GBT 

0.018 

<0.4 

3 

M 

18071-1727 

18 10 05.9 

-17 26 35 

01-MAR-2010 

GBT 

0.013 

< 6 

6 

N,0 

18083-2155 

18 11 18.9 

-21 55 05 

01-MAR-2010 

GBT 

0.015 

< 1.4 

5 

M 

18087-1440 

18 11 34.6 

-14 39 56 

03-MAR-2010 

GBT 

0.014 

<0.21 

3,5,6 

N 

18105-1935 

18 13 32.2 

-19 35 03 

01-MAR-2010 

GBT 

0.014 

<0.9 

5 

N 

18113-2503 

18 14 26.3 

-25 02 56 

03-MAR-2010 

GBT 

0.013 

105.814 + 0.003 

5,8 

M 




21-MAR-2010 

GBT 

0.018 




18135-1456 

18 16 26.1 

-14 55 13 

01-MAR-2010 

GBT 

0.014 

5.3+ 0.4 

3,5,9,10 

N,0 

18183-2538 

18 21 24.7 

-25 36 35 

01-MAR-2010 

GBT 

0.012 

< 1.2 

5 

V 

18199-1442 

18 22 50.8 

-14 40 49 

01-MAR-2010 

GBT 

0.013 

<0.8 

5 

N,0 

18229-1127 

18 25 45.0 

-11 25 56 

06-JUN-2008 

ROB 

0.06 

<2.4 

5 

V 




21-MAR-2010 

GBT 

0.015 




18236-0447 

18 26 20.3 

-04 45 42 

01-MAR-2010 

GBT 

0.013 

<0.12 

5,10 

N,0 

18355-0712 

18 38 15.4 

-07 09 52 

01-MAR-2010 

GBT 

0.012 

<0.4 

3,5,6 

N 

18361-1203 

18 38 58.8 

-12 00 44 

01-MAR-2010 

GBT 

0.012 

< 1.3 

5 

V 




21-MAR-2010 

GBT 

0.016 




18385+1350 

18 40 52.1 

+ 13 52 54 

07-MAR-2010 

GBT 

0.015 

<0.9 

5 

N 

18434-0042 

18 46 04.4 

-00 38 55 

01-MAR-2010 

GBT 

0.011 

< 0.9‘ 

5 

N 

18454+0001 

18 48 01.5 

+00 04 48 

01-MAR-2010 

GBT 

0.012 

< 1.2 

5 

V 

18470+0015 

18 49 39.1 

+00 18 52 

01-MAR-2010 

GBT 

0.013 

< 1.5 

5 

N 

18485+0642 

18 50 58.9 

+06 45 55 

06-JUN-2008 

ROB 

0.05 

<0.4 

3,5 

V 
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Table 1: Observed sources (continued) 


IRAS name 

RA (J2000) 

Dec (J2000) 

Observation date 

Telescope^* 

rms*’ (Jy) 

Previous‘S (Jy) 

References'* 

Image® 

18514+0019 

18 53 58.0 

+00 23 25 

01-MAR-2010 

GBT 

0.012 

< 1.3 

5 

N 

18529+0210 

18 55 26.3 

+02 14 49 

03-MAR-2010 

GBT 

0.018 



M,0 




07-MAR-2010 

GBT 

0.014 




18580+0818 

19 00 25.2 

+08 22 47 

07-MAR-2010 

GBT 

0.013 

< 0.8 

5 

N,0 

18596+0315 

19 02 06.4 

+03 20 15 

07-MAR-2010 

GBT 

0.014 

18±6 

3,9,11,12,13 

N,0 

19006+1022 

19 02 59.9 

+ 10 26 35 

20-JUN-2008 

ROB 

0.06 

< 0.7 

5 

N 




21-MAR-2010 

GBT 

0.013 




19011+1049 

19 03 30.7 

+ 1053 53 

07-MAR-2010 

GBT 

0.013 



M 

19013+0629 

19 03 44.4 

+06 34 12 

20-JUN-2008 

ROB 

0.06 

< 0.8 

5 

N,0 

19015+1256 

19 03 52.6 

+ 1301 21 

07-MAR-2010 

GBT 

0.013 

< 1.0 

5 

N 

19071+0857 

19 09 29.7 

+09 02 23 

09-OCT-2010S 

VLA 

0.0007 

2.1 +0.5 

5 

N 

19075+0432 

19 10 00.0 

+04 37 06 

07-MAR-2010 

GBT 

0.013 

< 0.8 

5,14 

V 

19079-0315 

19 10 32.5 

-03 10 16 

20-JUN-2008 

ROB 

0.10 

< 0.8 

5 

V 




21-MAR-2010 

GBT 

0.013 




19094+1627 

19 11 44.6 

+ 16 32 54 

07-MAR-2010 

GBT 

0.013 

< 1.4 

5 

V 

19134+2131 

19 15 35.4 

+21 36 33 

07-MAR-2010 

GBT 

0.013 

6.0+ 2.4 

15,16,17,18,19 

N 

19176+1251 

19 19 55.9 

+ 12 57 35 

20-JUN-2008 

ROB 

0.08 

< 0.6 

5 

N 

19178+1206 

19 20 14.1 

+ 12 12 22 

07-MAR-2010 

GBT 

0.012 

< 0.4 

20 

N,0 

19190+1102 

19 21 25.3 

+ 11 08 40 

07-MAR-2010 

GBT 

0.013 

96. + 0.4 

11 ,21,22 

N 

19319+2214 

19 34 03.4 

+22 21 14 

28-JUN-2008 

ROB 

0.06 

3.7+ 0.5 

20 

N 




07-MAR-2010 

GBT 

0.013 




19374+2359 

19 39 35.4 

+24 06 25 

07-MAR-2010 

GBT 

0.013 

38+15 

5,23** 

V 

20035+3242 

20 05 29.6 

+32 51 35 

24-SEP-2008 

ROB 

0.08 

< 1.9 

5 

N 




07-MAR-2010 

GBT 

0.010 




20042+3259 

20 06 10.6 

+33 07 51 

28-JUN-2008 

ROB 

0.08 

< 2.5 

5 

N 




07-MAR-2010 

GBT 

0.012 




20214+3749 

20 23 19.2 

+37 58 52 

29-JUL-2008 

ROB 

0.06 

< 0.6 

5 

N 




07-MAR-2010 

GBT 

0.011 




20244+3509 

20 26 25.4 

+35 19 14 

24-SEP-2008 

ROB 

0.12 

< 0.7 

5 

V 




21-MAR-2010 

GBT 

0.013 




20461+3853 

20 48 04.6 

+39 05 01 

29-JUL-2008 

ROB 

0.06 

< 1.7 

5 

V 




21-MAR-2010 

GBT 

0.013 




21525+5643 

21 54 15.0 

+56 57 23 

29-JUL-2008 

ROB 

0.05 

< 1.6 

5 

N 




21-MAR-2010 

GBT 

0.014 




21554+6204 

21 56 58.3 

+62 18 43 

29-JUL-2008 

ROB 

0.05 

< 0.11 

5,10,24 

N,0 




21-MAR-2010 

GBT 

0.014 





References. (DiDeguchi et all dT^ : t2)ISuarez et all (|2009|) : t3)lDeacon etaP (|200%: t4t)Cerrigone et all (l2013h; (5) lYoon etZI (l2014h: (6 ) 
[Gomez_et^ DdlQQOh: mlSuarezetal 


(12') lG6mez et alj jl994t) : ( BllEngelsI 


arez et at.l 020^ ) : (3)llJeacon et al.l azuu/l : (4) (Jem gone et al.l azut Jl): (3) IYoon et at.l m 
tSl lGomez et'^ll201lh; (9llEngels et all dl986t) : f lOtlYung et all ll2013h : tl ItlBrand et al 


(18)llmaiet^ 


('24') IZuckerman & Lol ( 119871) 


(19) 


Imai et al. 


20of): ( 14l lLikkelllll989h: GSljEngels et all(119841): (IbllLikkel et alJlll99^; (17)IComoretto ~ 
(I2007bh : (2Ql lEngels & Lewis! (Il996h : (2n lLikkell (Il989h : (221 iDav et all <2010) : t23') lHane~ 


1994); 


1990; 


19981) : 


Notes. GBT: Green Bank. PKS: Parkes. ROB: Robledo. VLA: Very Large Array. One-sigma noise level per spectral channel. Previous 
water maser observations of the sources reported in the literature. For detections, we give the highest reported flux density and its 2cr uncertainty. 
For non-detections, the lowest reported 3cr upper limit is given. References for previous water maser obs ervations. Visibility of source s in 
optical and infrared ima ges. V: Sources with optical counterpart in the Digital Sky Survey (as mentioned in|Ramos:Tarios_etalJl20()9|,[2( B^, o r 
with optical spectrum in fsuarez et all ( I2Q06I) . N: Sources detecte d only at near-infrared waveleng hts or longer TRamos^LarioT^ al II 200911 201 2l) . 
M: Sources detected only at m id-infared wavelenghts or lon ger ( Ramos-Lmos et alll2Q09L 120121) . O: Sources with strong obscuration, based on 
their infrared colours (table 9 in iRamos-Larios et alj2012l) . W iMigenes et alldl999l) reported a water maser of 56 Jy, which was incorrectly labelled 
as IRAS 18434-0042. The maser is =: 2° away from this infrared source and it is associated with the star-forming region W43S instead. We 
observed IRAS 19071-(-0857 with Robledo an d GBT, but it was contaminated by the strong maser emission from W49A, which spilled into the 
telescope sidelobes. The reported detection bv lYoon et all (120141) is also most likely contaminated. The upper limit listed in this table corresponds 
to observations taken with the Very Large Array ( Suarez et al. in p reparation), which confirmed that the maser emission was not associated with 
IRAS 19071-t0857. ® Labeled as 19375+2359 in iHan et all d 19981) 
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IRAS 13483-5905 13-SEP-2008 




IRAS 13483-5905 13-SEP-2008 



IRAS 14249-5310 13-SEP-2008 



IRAS 15408-5413 15-SEP-2008 



IRAS 15408-5413 15-SEP-2008 



IRAS 15452-5459 12-SEP-2008 



IRAS 15452-5459 12-SEP-2008 



Fig. 1: Water maser spectra of the detected sources. Note that some objects were observed more than once. The x-axis is the velocity 
with respect to the local standard of rest (kinematical definition) in km s ^ and the y-axis is flux density in Jansky. The spectra in 
the left column show the full scale in flux density, and a range of 200 km s“^ in velocity (except in the case of IRAS 18113-2503, 
which is shown with a velocity range of 600 km s“^). The spectra in the right column are the same as the corresponding ones in the 
left column, but with a restricted scale in flux density and/or velocity, to better show weak or narrow spectral features. 
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Fig. 1: continued. 
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Fig. 1: continued. 




















